Summary We have employed molecular probes produced from DNA fragments of human papillomavirus, cloned into prokaryotic vectors, to detect virus nucleic acid sequences in extracts of human oral tissues. The study was conducted with duplicate coded snap-frozen tissue biopsies from which frozen sections had been taken to accurately assess the pathology of each particular sample.
Human oral cancer is a major source of mortality in the third world, accounting for 40-50% of all malignancies in some areas of India and SE Asia (Pindborg, 1984) . The tumour is relatively uncommon in the United Kingdom, constituting 2-3% of all malignancies, with the incidence showing marked regional variations (Binnie et al., 1972) , and sero-epidemiological studies infer the involvement of an unknown infectious agent in the aetiology of the disease (reviewed by Scully et al., 1985) . The latter features have prompted considerable research efforts designed to detect the presence of human viruses in oral carcinoma biopsies (Eglin et al., 1983; de Villiers et al., 1985) . Initial results, using both antisera against herpes simplex virus (HSV) proteins (Shillitoe et al., 1976) and HSV specific gene probes (Eglin et al., 1983 ) indicated a possible aetiological role for this virus, as was also postulated for HSV and human cervical carcinoma (Nahmias et al., 1974) . In view of more recent evidence of cross-hybridization between HSV DNA and normal human cell nucleic acids Peden et al., 1983) and the extremely high prevalence of HSV in the general population, an aetiological relationship between HSV and both oral and cervical carcinoma is now considered to be less likely, although it cannot be excluded entirely.
We wished to define more carefully the role which human papillomavirus (HPV) plays in oral disease and oral squamous cell carcinoma in particular. The association of oral carcinomas and other oral mucosal lesions has been recognised for many years. Often these lesions present as 'white plaques' leukoplakia), 3-6% of which convert to malignancy (Henk & Langdon, 1985) . The commonest cause of oral leukoplakia is simple hyperkeratosis, as induced by trauma or friction. However in cases where no such trauma is observed, the lesion is normally termed 'non-specific keratosis'. The potential of the latter lesions to undergo malignant conversion is dependent on the degree of histological epithelial dysplasia. A further type of reticular oral leukoplakia, but where the relationship with oral cancer is more controversial, is oral lichen planus, the aetiology of which is presently unknown. A number of studies have reported the detection of HPV genes and antigens in both oral papillary lesions (Loning et al., 1985) and in biopsies of hyperplastic and carcinoma tissues (de Villiers et al., 1986) , but in general patient numbers have been small and the studies have been largely uncontrolled, employing only small numbers of normal or non-malignant tissue biopsies.
The oncogenic potential of papillomaviruses has been clearly demonstrated both in vivo (Jarrett et al., 1978) vitro (Moar et al., 1981; Campo & Spandidos, 1983) for bovine papillomaviruses (e.g. BPV4), although the situation with HPV is less clear (Burnett & Gallimore, 1983; Yasumoto et al., 1986) . It has been suggested that the type of HPV (e.g. HPV types 16, 18 and 31 in cervical carcinoma) is important in the aetiology of the cancer (zur Hausen, 1977; Boshart et al., 1984; Pfister, 1984) , and that the intracellular state of the viral genome changes between premalignant and malignant tissues viz. from free episomal copies in the benign lesions, to at least partly integrated into the cell chromosome in the malignancies (Schwarz et al., 1985; Yee et al., 1985) . It does appear, however, that high level expression of the viral genes is not obligatory in carcinoma cells (Lehn et al., 1985; Yee et al., 1985) , which may infer an initiator, rather than a maintenance role for HPV as a carcinogen. The latter information has been obtained from the study of cervical carcinoma tissue, samples of which were available to us for use as positive controls in parallel with our oral tissues.
With the increasing availability of cloned gene probes for human papillomaviruses (Heilman et al., 1980) , and the frequent detection of particularly types 16, 18 and 31 in almost 80% of human cervical biopsies, considerable interest (Loning et al., 1985; de Villiers et al., 1986) (see Cox et al., 1986) . Premalignant oral lesion (keratosis) and oral lichen planus biopsies were also taken from buccal mucosa. All the oral squamous cell carcinoma biopsies were taken from the lateral border of the tongue and the floor of the mouth, and were classified as well differentiated by haematoxylin and eosin staining. Cervical carcinoma biopsies were taken from tumours classified as invasive squamous cell carcinomas and adenocarcinoma (Meanwell et al., 1987 Restriction endonuclease digestion and gel electrophoresis Ten micrograms of cellular DNA or 2 pg cloned DNA were digested with 10-20 units of appropriate restriction endonuclease (Pharmacia or Bethesda Research Laboratories). Cellular DNA was digested for 24 h at 37°C in the presence of 1/10 volume ribonuclease A (200pgml-1), 1/20 volume gelatin (2mgml-1), and 1/20 volume spermidine (80mM). DNA was then electrophoresed in 0.8%-1.0% agarose gels (Sigma) using Tris (hydroxymethyl) aminomethane (TRIS) 0.04M, sodium acetate 0.005M and EDTA 0.001M, pH7.9 as running buffer and transferred to Hybond-N filters (Amersham) according to the manufacturer's protocol.
HP V-reconstructions
To gain an estimate of the sensitivity of our hybridization techniques and the number of copies of HPV-16 per cell, HPV16 reconstructions were made. Known amounts of HPV16 DNA (2x 10-3pg, 2x 10-4 jug and 2x10-5pg, corresponding to 100, 10 and 1 genomes recpectively), were mixed with 10 pg HPV-negative human DNA, restriction endonuclease digested, co-electrophoresed, and blotted to act as standards. The detection level was less than 1 copy of HPV16 DNA per cell. Quantification of HPV copy number in the reconstruction and biopsy tracks was made by using a Bio-Rad Video Densitometer, model 620.
Probe preparation HPV type 16 cloned into the Bam HI site of pBR322 was a kind gift from Prof H. zur Hausen (Heidelberg, Germany). Following Bam HI digestion and low melting point agarose purification, 10-50 ng of HPV 16 insert was oligo-labelled Feinberg and Vogelstein (1983) , using 32P labelled dCTP (Amersham) to a specific activity of -1 x 109 cpm pg-1.
Hybridization
Filters were prehybridized in 2 x SSC (1 x SSC = 0.15 M NaCl, 0.015M sodium citrate pH 7.0), 10% dextran sulphate, 10 x Denhardt's solution (0.2% Bovine serum albumin, 0.2% ficoll, 0.2% polyvinyl pyrrolidone) (Denhardt, 1966) , 0.5% sodium dodecyl sulphate (SDS), 2mM EDTA, denatured salmon sperm (100Ipgml-1) and 33% formamide at 45°C, for a minimum of 4h.
The 32P-labelled HPV16 probe was heat denatured by boiling for 10 min and added to the prehybridization solution at a concentration of 106 cpm ml -. Hybridization was performed for 18h in plastic bags at 45°C using 100pl of the solution for each cm2 of filter.
Following hybridization, the filters were washed at moderate stringency (Tm-22°C): in 2 x SSC at room temperature for 30 min, twice in 2 x SSC plus 0.5% SDS at 65°C for 2 h and finally in 0.1% SSC at room temperature for 30 min. Filters were exposed to Fuji X-ray film for up to 72 h with an intensifying screen and then washed at high stringency (Tm-9°C): twice in 0.1 xSSC plus 0.5% SDS for 2h at 65°C and re-exposed for 72-120 h.
Probe removal and re-use of DNA blots. Probes were removed by incubating nylon membranes at 45°C for 30 min in 0.4 M sodium hydroxide, followed by incubation in 0.1 x SCC, 0.1% (w/v) SDS, and 0.2 M tris-HCI, pH 7.5 for 30 min at 45°C. Filters were then treated as above.
Results

DNA hybridizations with oral biopsies
In most cases the amounts of DNA extracted from the oral biopsies were only sufficient to perform 1 or 2 digestions and therefore the typing of any virus detected was necessarily less complete than with control cervical biopsies, which were analysed in parallel. The lower yields of nucleic acid from the oral tissues were not due to the generally smaller biopsies or a different biopsy procedure, but may simply reflect the high levels of degradative enzymes in the oral cavity, compared to the cervix.
Where The most striking feature of these results was the high proportion of premalignant and benign oral lesions, for example almost all degrees of keratosis tested (9/11), which contained papillomavirus DNA. In addition, lichen planus, a reticular form of keratosis, which was thought to have an immunological aetiology, also contained HPV in the majority of cases (7/8). It may be significant that these lesions manifest themselves clinically as 'white patches', similar to those found to contain HPV in the cervix (Henk & Langdon, 1985) .
In contrast, the proportions of both histologically normal and carcinoma biopsies which contained HPV DNA were virtually identical (5/12 and 7/15 respectively). The carcinoma biopsies covered the complete range of differentiated types from poorly to well differentiated on the basis of haematoxylin/eosin staining, although the majority were well differentiated. There was no significant association of HPV DNA detection with the differentiated state of the tumour.
The negative results obtained with the severe dysplasia and the verrucous hyperplasia biopsies were not significant in view of the single biopsies of each type assayed.
In all the oral biopsies except two (see below) the type of virus detected was either a variant of HPV16 which we have detected in two positive cervical biopsies, or the prototype HPV 16 as detected in cervical controls (Meanwell et al., 1987) , since (i) HPV was detected under hybridization conditions of high stringency and (ii) the Dra I pattern was identical to that of HPV16. In more than 95% of oral biopsies, the variant HPV16 was the principal type detected, although for 5 of the oral biopsies only the DraI digestion results were interpretable, and a Pst I digest pattern is required to distinguish prototype from variant. Representative digestion patterns for the oral tissue DNA, digested with either Pst I or Dra I are shown in Figures 1 and 2 respectively. The slightly different mobilities in some of the tracks are due to differing electrophoretic conditions. Bands from different experiments were aligned by reference to bacteriophage lambda molecular weight markers, and the internal control and reconstruction tracks described above. (data not shown). We therefore conclude that these two oral lesions contain novel genotypes of HPV. This was in spite of the use of a 4-fold excess of endonuclease for up to 24h at 37°C, which achieved complete digestion of almost every DNA sample. The completeness, of digestion was also monitored by observation of 'satellite' bands on the agarose gel and by hybridization of the filters with cellular gene probes (data not shown). Thus we conclude that the HPV genomes are rarely, if ever, integrated in human oral tissues.
Discussion
The aim of this study was to determine the role, if any, played by human papillomaviruses in oral disease, with specific reference to oral squamous cell carcinoma. As controls for the detection of HPV in these experiments we were supplied with normal and neoplastic human cervical tissues. It is now accepted that HPV types 16 and 18 are present in a high proportion of cervical carcinoma biopsies (Durst et al., 1983; Schwarz et al., 1985; Yee et al., 1985) . To ensure objectivity the patients from whom both the cervical and oral biopsies were taken, were number coded at source and were tested using duplicate biopsies where possible. Normal tissues biopsies were taken from patients with neither clinical nor histological evidence of disease. To our surprise, normal tissue from patients with no evidence of papillomas or cancer, were clearly positive for either the prototype HPV16 or a putative subtype of this virus. The variant subtype had an apparent molecular size of 6.8 kilo-base pairs (kbp) compared to that of 7.9 kbp for prototype HPV 16, since, upon Pst I digestion it appeared to lack the Pst I 'C' fragment. Interestingly, de Villiers et al. (1985) have recently detected a papillomavirus with the same PstI digestion pattern in a human tongue carcinoma. This variant virus, which was the major type present in all oral biopsies, was also detected in two cervical carcinoma biopsies. Perhaps the situation is similar to that found with herpex simplex virus where regional variations in the proportions of the oral type (HSV1) and the genital variant (HSV2) in the general population are quite frequent (Smith et al., 1981 (Cox et al., 1986; Meanwell et al., 1987) (Pfister, 1984) (Firnhaber et al., 1986) .
We would suggest, on the basis of our results that in both cervix (Meanwell et al., 1987) Our results exclude the possibility that HPV is the single aetiological agent responsible for human oral cancer, since it was detected in a high proportion of normal, non-malignant and pre-malignant disease samples. Detection of HPV DNA alone is therefore a poor prognostic indicator for the individuals who are at risk of developing oral cancer. Were the virus to play a role in human oral cancer, it is more likely to act as an initiator of proliferation, since we find HPV in a large percentage of pre-maligant and nonmalignant proliferative disease samples. At present we have no evidence whether the presence of HPV correlates with degree of malignancy in oral tumours although our own data from cervical studies do not favour this association (Meanwell et al., 1987) . We also have preliminary evidence to suggest that HPV is not expressed as mRNA in all biopsies, including those containing large numbers of viral genomes. This result would also argue against an active role for the virus as a source of 'tumour antigen'. Similar work on cervical tumours indicated that HPV was not transcribed in all the HPV positive tumour tested (Lehn et al., 1985; Yee et al., 1985) . Therefore considerable further study is required before the precise role, if any, which is played by HPV in the induction of human oral cancer can be defined.
